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IDWDOLWLHV SHUFHQW RFFXUUHG DW DUWHULDO RU H[SUHVVZD\ LQWHUVHFWLRQV SHUFHQW RFFXUUHG DW VLJQDOL]HG
LQWHUVHFWLRQVDQGSHUFHQWZHUHULJKWDQJOHFUDVKHV0DQ\FUDVKHVDWUXUDOLQWHUVHFWLRQVDUHFDXVHGE\
YHKLFOHVFDXJKWLQWKH³GLOHPPD]RQH´DVSDFHRUWLPHLQWHUYDOZLWKLQZKLFKLIWKHVLJQDOSKDVHFKDQJHV
IURPJUHHQWR\HOORZYHKLFOHVDUHQRWEHDEOHWRVDIHO\VWRSEHIRUHWKHLQWHUVHFWLRQVWRSEDURUFURVVWKH
LQWHUVHFWLRQEHIRUHWKHVLJQDOSKDVHFKDQJHVWRUHG7KXVLWLVH[SHFWHGWKDWWUDIILFFRQWURODOJRULWKPVWKDW
HIIHFWLYHO\ UHGXFH WKH QXPEHU RI YHKLFOHV FDXJKW LQ WKH GLOHPPD ]RQH DOVR UHGXFH WKH QXPEHU RI
GLOHPPD]RQHLQGXFHGXQLQWHQWLRQDOUHGOLJKWUXQQHUVZKLFKLQWXUQUHGXFHVWKHSUREDELOLW\RIUHDUHQG
DQGLQWHUVHFWLRQDQJOHFROOLVLRQVDVVRFLDWHGZLWKVXFKHYHQWV
$ZLGHO\ LPSOHPHQWHGVWUDWHJ\RIGLOHPPD]RQHSURWHFWLRQ LV WKH ³JDSRXW ORJLF´ WKDW LV WKHJUHHQ
SKDVHLVH[WHQGHGZKHQHYHUWKHUHDUHYHKLFOHVLQWKHGLOHPPD]RQHRQWKHPDLQDSSURDFKHV7KXVLQWKLV
VWUDWHJ\LWLVVDLGWKDWWKHJUHHQSKDVHWHUPLQDWHVZKHQD³JDS´LVIRXQG6LQFHWKLVH[WHQVLRQRUVHULHVRI
H[WHQVLRQV PD\ FDXVH H[FHVVLYH GHOD\ WR YHKLFOHV VHUYHG LQ FRQIOLFWLQJ SKDVHV D PD[LPXP DOORZDEOH
JUHHQ GXUDWLRQ PD[LPXPJUHHQ LV XVXDOO\ SUHHVWDEOLVKHG7KH GUDZEDFN RI HVWDEOLVKLQJ DPD[LPXP
JUHHQ LV WKDW WKH V\VWHP FDQ DEUXSWO\ WHUPLQDWH WKH JUHHQ SKDVH UHJDUGOHVV RIZKHWKHU RU QRW WKHUH DUH
YHKLFOHVLQWKHGLOHPPD]RQH5HDFKLQJWKHPD[LPXPJUHHQLVXVXDOO\UHIHUUHGDVD³PD[RXW´HYHQW
&XUUHQWO\ WKHUH DUH HQKDQFHG VWUDWHJLHV WKDW ORRN DW KRZ WR H[WHQG RU WHUPLQDWH WKH JUHHQSKDVH
ZLWKRXW UHDFKLQJ DPD[RXW 7KHVH VWUDWHJLHV LQFOXGH WKH /+295$ V\VWHP 3HWHUVRQ HW DO  WKH
626RU6HOI2SWLPL]LQJ6LJQDO V\VWHP .URQERUJHW DO  WKH'HWHFWLRQ&RQWURO 6\VWHPRU'&6
%RQQHVRQ HW DO  DQG WKH RQH SURSRVHG E\ 6KDUPD HW DO  7KH ILUVW WZR KDYH EHHQ
LPSOHPHQWHG LQ6ZHGHQ7KH WKLUGRQH LV WKH VXEMHFWRIDQDO\VLV LQ WKLVSDSHU7KH IRXUWKRQH UHTXLUHV
PRQHWDU\HVWLPDWLRQRIGHOD\FRVWV LQRUGHU WR IROORZDEHQHILWPD[LPL]DWLRQ ORJLFDQGKDVRQO\EHHQ
LPSOHPHQWHGDWRQHLQWHUVHFWLRQLQ,QGLDQD86$
7KLV SDSHU SUHVHQWV WKH UHVXOWV RI D EHIRUHDIWHU RSHUDWLRQDO HYDOXDWLRQ RQ '&6 FRQGXFWHG E\ WKH
)+:$ 7KH PHDVXUHV RI HIIHFWLYHQHVV HYDOXDWHG LQ WKLV VWXG\ LQFOXGH QXPEHU RI YHKLFOHV FDXJKW LQ
GLOHPPD]RQHPD[RXWHYHQWVDQGQXPEHURIYHKLFOHVUXQQLQJWKHUHGOLJKW%HIRUHDQGDIWHUFUDVKGDWDLV
EHLQJFROOHFWHGIURPWKHHYDOXDWLRQVLWHVDQGZLOOEHSUHVHQWHGLQVHSDUDWHSXEOLFDWLRQV=LPPHUPDQDQG
%RQQHVRQUHSRUWHGUHVXOWVRQDVHSDUDWHVWXG\IXQGHGE\7H[DV'HSDUWPHQWRI7UDQVSRUWDWLRQ%XW
XQOLNHWKLVSDSHUWKHLUVWXG\ZDVUHVWULFWHGWRRQHVWDWH7H[DVDQGWRVKRUWHUWLPHSHULRGVWRKRXUV
'HWHFWLRQ&RQWURO6\VWHP'&6
77,GHYHORSHG'&6VSHFLILFDOO\ IRU UXUDO LVRODWHGKLJKVSHHGVLJQDOL]HG LQWHUVHFWLRQV %RQQHVRQHW
DO7KHUHDUHDWOHDVWVXFKW\SHRILQWHUVHFWLRQVLQWKH86$
(DUOLHUUHVHDUFKHUVGHILQHWKHGLOHPPD]RQHDVDSK\VLFDOGLVWDQFHUDQJHXSVWUHDPRIWKHLQWHUVHFWLRQ
*D]LVHWDO7KLVGHILQLWLRQ LVKLJKO\GHSHQGHQWRQYHKLFOHDSSURDFKLQJVSHHGVZKLFKFDQYDU\
ZLGHO\ LQ WKH ILHOG $IWHU UHYLHZLQJ SUHYLRXV VWXGLHV =HJHHU DQG 'HHQ  %RQQHVRQ HW DO 
0LGGOHWRQHWDO77,UHVHDUFKHUVFRQFOXGHGWKDWDWLPHLQWHUYDORIWRVHFRQGVZRXOGKDYHD
SUREDELOLW\RI WRSHUFHQW LQFDSWXULQJYHKLFOHV WKDWGHFLGH WRVWRSDW WKHRQVHWRI\HOORZ7KXV
WKH\SURSRVHGWRXVHVHFRQGVDQGVHFRQGVDVWKHHQWHULQJDQGH[LWWLPHRIWKHGLOHPPD]RQH7KLV
WLPHLQWHUYDOGHILQLWLRQGRHV WDNH LQWRFRQVLGHUDWLRQ WKHYDULDWLRQRIVSHHGV'&6UHTXLUHV WKDWDVSHHG
WUDSWZRIWE\IW ORRSGHWHFWRUVVSDFHGIHHWRUPDSDUWEHLQVWDOOHGDERXWIW WRIW
XSVWUHDPRIWKHLQWHUVHFWLRQRQHDFKPDMRUDSSURDFKWKURXJKODQH7KHVWUDWHJ\LPSOHPHQWHGLQWKH'&6
DLPVDWUHGXFLQJRYHUDOOWUDIILFGHOD\DQGPLQLPL]LQJWUXFNVWRSVDQGGHOD\V
(YDOXDWLRQ$SSURDFK
7KH )+:$ FRQGXFWHG  VWHSV LQ RUGHU WR FDUU\ RXW WKH FRPSDULVRQ SUHVHQWHG LQ WKLV SDSHU VLWH
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VHOHFWLRQ SURFHVV ILHOG GDWD FROOHFWLRQ DQG GDWD UHGXFWLRQ 7KH ILUVW VWHSV UHTXLUHG FROODERUDWLRQ IURP
VWDWHGHSDUWPHQWVRIWUDQVSRUWDWLRQV
6LWH6HOHFWLRQ3URFHVV
)+:$FRQWDFWHGPDQ\VWDWHDJHQFLHVWRVROLFLWLQWHUHVWLQSDUWLFLSDWLQJLQWKLVVWXG\DQGVHOHFWHGWKUHH
VLWHVLQ)ORULGD)/WZRVLWHVLQ,OOLQRLV,/RQHVLWHLQ/RXLVLDQD/$DQGWZRVLWHVLQ7H[DV7;DV
VKRZQLQ7DEOHEDVHGRQLQVWDOODWLRQVFKHGXOHVDQGSURMHFWWLPHOLQH
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'D\LVQRWDFFXUDWHEXWPRQWKDQG\HDUDUHDFFXUDWH

$OO HYDOXDWLRQ VLWHV KDYH WZR WKURXJK ODQHV DQG OHIWWXUQ DQG ULJKWWXUQ ODQHVSRFNHWV RQ WKHPDMRU
DSSURDFKHV1RJHRPHWULFLPSURYHPHQWZDVPDGHDWDQ\VLWHDQGWKHRQO\FKDQJHPDGHZDVUHSODFLQJ
WKH H[LVWLQJ VLJQDO FRQWURO V\VWHP ZLWK '&6 HQDEOHG VLJQDO FRQWUROOHUV )RU VLWHV LQ )/ ,/ DQG /$
1D]WHF 7\SH , FDELQHW DQG1D]WHF  FRQWUROOHU ZHUH XVHG )RU WKH 6DQ $QWRQLR VLWH 1D]WHF 
FRQWUROOHUZDVXVHGLQ(DJOH7\SHFDELQHW)RUWKH:DFRVLWHDQLQGXVWULDOFRPSXWHUZDVXVHGWRUXQ
WKH'&6DOJRULWKP$WVLWHVZKHUHWKHVLJQDOFRQWUROOHUVZHUHUHSODFHGWKHSUHYLRXVVLJQDOWLPLQJSODQ
ZDVGXSOLFDWHG LQ WKHQHZFRQWUROOHUDQGUXQ IRUDW OHDVWGD\V WRFROOHFW WKHEHIRUHSHULRGILHOGGDWD
WKHQWKH'&6IXQFWLRQZDVWXUQHGRQDQGDSSURSULDWH'&6SDUDPHWHUVZHUHHQWHUHGWRUXQWKHWUDIILF
DFWXDWHG'&6DOJRULWKPIRUWKHDIWHUSHULRG
)LHOG'DWD&ROOHFWLRQ
2QPDMRU DSSURDFKHV HDFK WKURXJK ODQH ZDV PRQLWRUHG E\ D VSHHG WUDS ORFDWHG  IW WR  IW
XSVWUHDPRI WKH LQWHUVHFWLRQVWRSEDU7KHH[DFW ORFDWLRQVRI WKHVSHHG WUDSVUHODWLYH WR WKHVWRSEDUDUH
VKRZQLQ7DEOH)LJVKRZVWKHW\SLFDOVSHHGWUDSVDQGLQVWUXPHQWDWLRQOD\RXWRIRQHHYDOXDWLRQVLWH
,QWHUVHFWLRQ PRQLWRULQJ FDPHUDV ZHUH LQVWDOOHG WR PRQLWRU WKH WUDIILF LQ IDU YLHZ DQG FORVH XS YLHZ
YLUWXDOYHKLFOHORRSGHWHFWRUVZHUHSODFHGGRZQVWUHDPRIWKHLQWHUVHFWLRQVWRSEDUDVVKRZQLQ)LJ
'LVSOD\HGRQWKHORZHUVFUHHQVRI)LJLVLQIRUPDWLRQDERXWVLWHORFDWLRQSKDVH,'GDWHWLPHDFFXUDWH
WRPLOOLVHFRQGVSKDVHVWDWXVDQGQXPEHURIUHGOLJKWUXQQHUV5/5VGHWHFWHGRQHDFKWKURXJKODQH
(DFKPDMRUDSSURDFKZDVDOVRPRQLWRUHGE\D:DYHWURQL[VHQVRUWRWUDFNWKHORFDWLRQVDQGVSHHGVRI
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DSSURDFKLQJ YHKLFOHV 7KH:DYHWURQL[ VHQVRUVZHUH QRW FRQQHFWHG WR WKH VLJQDO FRQWUROOHU DQG GLG QRW
DIIHFWWKHVLJQDORSHUDWLRQ7KH\ZHUHXVHGDVDUHGXQGDQWGHYLFHWRFROOHFWWUDIILFGDWDZLWKLQIWRI
WKHLQWHUVHFWLRQ


)LJ6SHHGWUDSVDQGLQVWUXPHQWDWLRQOD\RXWDW86DQG0DLQ6W:DVKLQJWRQ,/
7KHUHVHDUFKWHDPGHYHORSHGDUHDOWLPHGDWDDFTXLVLWLRQV\VWHPWKDWUHFRUGVWKHWUDIILFDQGYLGHRGDWD
FRQWLQXRXVO\ IRU DW OHDVW  GD\V HDFK GXULQJ WKH EHIRUH DQG DIWHU SHULRGV )LHOG GDWD FROOHFWLRQ ZDV
VSHFLILHGLQDZD\WRFDSWXUHVXIILFLHQWDQGUHGXQGDQWGDWDWKDWDOORZWKHLGHQWLILFDWLRQDQGYHULILFDWLRQRI
5/5VPD[RXWVYHKLFOHVFDXJKWLQWKHGLOHPPD]RQHDQGRWKHUW\SHVRIHYHQWV$OOYHKLFOHGHWHFWLRQV
UHJLVWHUHG E\ WKH VSHHG WUDSV DQG:DYHWURQL[ VHQVRUV ZHUH ORJJHG DOO SKDVH VWDWXV LQIRUPDWLRQ VWDUW
WLPH GXUDWLRQ DQG HQG WLPH RI HDFK VLJQDO SKDVHZHUH UHFRUGHG9LGHR FOLSVZHUH UHFRUGHG LQ HYHU\
VLJQDOF\FOHIURPVHFRQGVEHIRUHWKHRQVHWRIPDMRUDSSURDFK\HOORZSKDVHWRVHFRQGVDIWHUWKHPDMRU
DSSURDFKWXUQHGLQWRUHGSKDVH
'DWD5HGXFWLRQ
0XOWLSOH WH[W ILOHV ZHUH JHQHUDWHG RQ D GDLO\ EDVLV VWDUWLQJ DW  PLGQLJKW DQG HQGLQJ DW
7RFRPSDUHWKHIUHTXHQFLHVRI5/5VPD[RXWVDQGQXPEHURIYHKLFOHVFDXJKWLQWKHGLOHPPD
]RQHGXULQJWKHEHIRUHDQGDIWHUSHULRGVVFUHHQLQJUXOHVZHUHIRUPXODWHGWRUHGXFHWKHYDVWGDWDVHWVRUWR
FRPELQHGDWDIURPGLIIHUHQWUDZILOHVSKDVHVWDWXVILOHVVSHHGILOHV5/5ILOHVHWF7KLVVHFWLRQSUHVHQWV
WKLVSURFHVVIRUHDFKRIWKHWKUHHPHDVXUHVRIHIIHFWLYHQHVV
,GHQWLI\LQJ9HKLFOHV&DXJKWLQWKH'LOHPPD=RQH
$VVKRZQLQ)LJ WKHVSHHG WUDSFRQVLVWVRI WZRIRRWE\IRRW PHWHUE\PHWHU ORRS
GHWHFWRUV$OO³2Q´DQG³2II´HYHQWVRIWKHORRSGHWHFWRUVZHUHVWRUHGE\WKHV\VWHPLQWRVSHHGILOHV:H
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XVHGWKHWLPHGLIIHUHQFHRI³2II´HYHQWVEHWZHHQXSVWUHDPDQGGRZQVWUHDPORRSGHWHFWRUVWRHVWLPDWHWKH
YHKLFOH¶VWUDYHOWLPH7KLVWUDYHOWLPHIURPWKHVSHHGWUDSWRWKHLQWHUVHFWLRQVWRSEDUZDVFDOFXODWHGDV
IROORZV


)LJ9LGHR5/5GHWHFWLRQGLVSOD\DW86DQG3LQH%OYGLQ)RUW/DXGHUGDOH)/
 
ZKHUH
LVWKHWLPHLQWHUYDOWKDWWKHYHKLFOHQHHGVWRWUDYHOWRWKHVWRSEDUDWFRQVWDQWVSHHG
LVWKHGLVWDQFHIURPGRZQVWUHDPORRSGHWHFWRU%WRWKHVWRSEDUREWDLQHGIURP7DEOH
LVWKHGLVWDQFHEHWZHHQWKHWZRORRSGHWHFWRUVZKLFKZDVIHHWPLQPRVWFDVHV
LVWKHWLPHVWDPSZKHQWKHYHKLFOHZDVGHWHFWHGOHDYLQJXSVWUHDPORRSGHWHFWRU$
LVWKHWLPHVWDPSZKHQWKHYHKLFOHZDVGHWHFWHGOHDYLQJWKHGRZQVWUHDPORRSGHWHFWRU%

/HW762<EHWKHWLPHVWDPSZKHQWKHQH[WFRUUHVSRQGLQJ\HOORZSKDVHVWDUWV7KHQDOOYHKLFOHVKDYLQJ
WKHLUWLPHVWDPSVIDOOLQJLQWRWKHIROORZLQJUDQJHZLOOEHFODVVLILHGDVWUDSSHGLQWKHGLOHPPD]RQH
 
762<LVUHFRUGHGLQWKHSKDVHVWDWXVILOH$IWHUWKHDERYHSURFHVVLQJDOOYHKLFOHVFDXJKWLQWKHGLOHPPD
]RQHZHUHDJJUHJDWHGE\KRXUDQGGDWH3OHDVHQRWHWKDWLQILHOGLPSOHPHQWDWLRQVHFRQGVDQGVHFRQGV
ZHUHXVHGDVWKHGLOHPPD]RQHHQWHULQJDQGH[LWWLPHUDWKHUWKDQVHFRQGVDQGVHFRQGV
0DMRU$SSURDFK)DU9LHZ
,QWHUVHFWLRQ&ORVH8S9LHZ
9LUWXDO/RRS'HWHFWRUV
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,GHQWLI\LQJ0D[2XW(YHQWV
0D[RXWHYHQWVZHUHLGHQWLILHGIURPWKHSKDVHVWDWXVILOHVWKDWZHUHVDYHGVHSDUDWHO\7KHVHUDZILOHV
VWRUHDWWKHEHJLQQLQJWKHPLQLPXPDQGPD[LPXPJUHHQVHWWLQJVDVVKRZQLQ7DEOH3KDVHVWDWXVILOHV
DOVRVWRUHGRQHUHFRUGIRUHYHU\WLPHWKHSKDVHFKDQJHVRIVWDWXV7DEOHRQO\SUHVHQWVWKHUHFRUGVWKDW
LQGLFDWHWKHVWDUWRID\HOORZSKDVH62<VWDQGVIRUVWDUWRI\HOORZ9DOXHVLQWKHODVWWZRFROXPQVZHUH
DGGHGGXULQJWKHGDWDUHGXFWLRQSURFHVV$³´HQWU\LQWRWKH³0D[2XW)ODJ´FROXPQPHDQVWKHUHFRUG
ZDV D PD[RXW HYHQW RWKHUZLVH LW ZDV GHWHUPLQHG DV D QRQPD[RXW HYHQW ZLWK FRUUHVSRQGLQJ
H[SODQDWLRQVDGGHGRQWKH³&RPPHQW´FROXPQ

7DEOH +HDGLQJ RI WKH SKDVH VWDWXV ILOHV 7KLV KHDGLQJ FRQWDLQV WKHPLQLPXPJUHHQ 0LQ*UHHQ DQGPD[LPXPJUHHQ 0D[
VHWWLQJV
3KDVH1R 0LQ*UHHQ>VHF@ 0D[>VHF@ 3DVV7LPH>VHF@
   
   

,QPDQ\LQVWDQFHVSKDVHDQGSKDVHZHUHORJJHGWRH[SHULHQFHPD[RXWDW WKHVDPHWLPHGXSOLFDWH
ORJVRIWKHVDPHHYHQW$IWHUH[DPLQLQJWKHGDWDWKHIROORZLQJVFUHHQLQJUXOHVZHUHXVHGWRLGHQWLI\UHDO
PD[RXWHYHQWV

 7KHVWDWXVRI3KDVHRU3KDVHLV62<
 7KHWLPHVWDPSRIWKHPD[RXWHYHQWLVGLIIHUHQWIURPSUHYLRXVPD[RXWHYHQW
 7KHGXUDWLRQRIWKHPD[RXWWLPHULVJUHDWHUWKDQRUHTXDOWRWKH0D[LPXP*UHHQ6HWWLQJRIWKH
FRUUHVSRQGLQJSKDVH

$IWHUDSSO\LQJWKHDERYHUXOHVWKHPD[RXWHYHQWVZHUHDJJUHJDWHGE\KRXUDQGGDWH

7DEOH0D[RXWHYHQWVORJ
7LPH
>KPLQVPV@
3KDVH
1R
3KDVH
6WDWXV
'XUDWLRQ
RI*UHHQ
'XUDWLRQ
RI5HG
'XURI
<HOORZ
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2XW7LPHU
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)ODJ
&RPPHQW
Ϭ͕Ϯϭ͕ϰ͕ϯϯϵ Ϯ ^Kz ϰϵϬϵϯ ϲϬϮϯ ϰϵϵϬ ϰϵϬϳϯ ϭ 
Ϭ͕Ϯϭ͕ϰ͕ϯϯϵ ϲ ^Kz ϰϵϬϵϯ ϲϬϮϯ ϰϵϵϬ ϰϵϬϳϯ  /ĚĞŶƚŝĐĂůƚŝŵĞǁŝƚŚ
ƉƌĞǀŝŽƵƐĞǀĞŶƚ
͙͙        
Ϭ͕ϯϱ͕ϭϬ͕ϴϬϭ Ϯ ^Kz ϯϴϳϴϮ ϯϬϵϬϮ ϱϬϬϵ ϯϴϳϴϯ  WŚ͘ϮDĂǆͲŽƵƚƚŝŵĞƌф
WŚĂƐĞϮDĂǆϭƚŚƌĞƐŚŽůĚ
͙͙        
ϲ͕ϰϴ͕ϰϭ͕ϵϰϬ Ϯ ^Kz ϲϯϯϮϭ ϯϯϯϭϴ ϰϵϵϳ ϱϬϭϳϯ ϭ 
ϲ͕ϰϴ͕ϰϭ͕ϵϰϬ ϲ ^Kz ϱϮϮϱϱ ϰϰϯϴϰ ϰϵϵϳ ϱϬϭϳϯ  /ĚĞŶƚŝĐĂůƚŝŵĞǁŝƚŚ
ƉƌĞǀŝŽƵƐĞǀĞŶƚ
͙͙        

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,GHQWLI\LQJ5HG/LJKW5XQQHUV
(DFKPDMRUDSSURDFK WKURXJK ODQHKDVD5/5GHWHFWRU YLUWXDO ORRSGHWHFWRUSODFHGGRZQVWUHDPRI
WKHVWRSEDU7KHUHDUHIRXU5/5GHWHFWRUVDVVRFLDWHGZLWKWKHLQWHUVHFWLRQFRQILJXUDWLRQVKRZQLQ)LJ
$IWHU WKH PDMRU DSSURDFK WKURXJK SKDVH  RU  WXUQV UHG DOO ³2Q´ DQG ³2II´ HYHQWV´ RI WKH 5/5
GHWHFWRUVZLOOEHORJJHGLQDVHSDUDWHILOHDVVKRZQLQ7DEOH
7DEOH5HG/LJKW5XQQLQJ(YHQW/RJ
7LPH
>KPLQVPV@
3KDVH
1R
5/5
'HW,'
5/5
'HWHFWRU
6WDWXV
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2II2Q
>PV@
3KDVH
6WDWXV
3KDVH
'XUDWLRQ
>PV@
5/5
)ODJ &RPPHQW
  5/5 2Q  5HG   
  5/5 2II  5HG   
««        
  5/5 2II  5HG   5/5 GHWHFWRU DFWLYDWHG EHIRUH
VWDUWRI5('SKDVH
««        
  5/5 2II  5HG   5/5'HWHFWRUVWD\HG21IRU
VHFRQGVRUORQJHU
««        

7KH DERYH GDWD DQG WKH YLGHR FOLSV UHFRUGHGGXULQJ HDFK F\FOH DOORZ WKH LGHQWLILFDWLRQ DQGPDQXDO
YHULILFDWLRQZKHQQHHGHGRIDOO5/5HYHQWV9DOXHVLQWKHODVWWZRFROXPQVZHUHDGGHGGXULQJWKHGDWD
UHGXFWLRQ SURFHVV $ ³´ HQWU\ LQWR WKH ³5/5 )ODJ´ FROXPQ PHDQV WKH UHFRUG ZDV D 5/5 HYHQW
RWKHUZLVH LW ZDV GHWHUPLQHG DV D QRQ5/5 HYHQW ZLWK FRUUHVSRQGLQJ H[SODQDWLRQV DGGHG RQ WKH
³&RPPHQW´FROXPQ,QWKHDQDO\VLVRQO\HYHQWVVDWLVI\LQJDOORIWKHIROORZLQJFRQGLWLRQVZHUHIODJJHGDV
5/5HYHQWV

 5/5'HWHFWRU6WDWXVLV2II
 'XUDWLRQRI2II2QLVOHVVWKDQPLOOLVHFRQGVVHFRQGV
 5('3KDVH'XUDWLRQLVOHVVWKDQPLOOLVHFRQGVVHFRQGV
 'XUDWLRQRI2II2QLVOHVVWKDQ5('3KDVH'XUDWLRQ

&RQGLWLRQVDQGHQVXUHGWKDWZKHQDYHKLFOHZDVGHWHFWHGE\WKHV\VWHPLWZDVOHDYLQJWKH5/5
GHWHFWRUWKDWLVLWGLGQRWVWD\RQWKH5/5GHWHFWRUDQGLWZDVGHWHFWHGDIWHUWKHFRUUHVSRQGLQJWKURXJK
SKDVHKDGWXUQHGUHG&RQGLWLRQHQVXUHGWKDWWKH5/5HYHQWKDSSHQHGZLWKLQWKHILUVWVHFRQGVDIWHU
WKHFRUUHVSRQGLQJWKURXJKSKDVHWXUQHGUHG1RWHWKDW5/5VGHWHFWHGVHFRQGVRUPRUHDIWHUWKHVLJQDO
WXUQHGLQWRUHGZHUHQRWUHFRUGHGDV5/5VEHFDXVHWKH\ZHUHLQWHQWLRQDOUHGOLJKWUXQQHUVWKDWFRXOGQRW
EH SUHYHQWHG E\ WKH '&6 V\VWHP $IWHU DSSO\LQJ WKH DERYH VFUHHQLQJ UXOHV WKH 5/5 HYHQWV ZHUH
DJJUHJDWHGE\KRXUDQGGD\
5HVXOWVDQG'LVFXVVLRQ
7DEOH VKRZV WKHPHDVXUHVRIHIIHFWLYHQHVV IRUEHIRUHDQGDIWHUSHULRGVDJJUHJDWHGE\ LQWHUVHFWLRQ
DQG GD\ RI WKH ZHHN 7KH PHDVXUHV RI HIIHFWLYHQHVV XVHG ZHUH QXPEHU RI YHKLFOHV WUDSSHG LQ WKH
GLOHPPD ]RQH QXPEHU RI PD[RXWV DQG QXPEHU RI 5/5V 5HVXOWV FRUUHVSRQGLQJ WR 7XHVGD\
:HGQHVGD\DQG7KXUVGD\ZHUHDYHUDJHG7DEOHDOVRSUHVHQWV WKHDYHUDJH WUDIILF IORZVWRWDOYROXPH
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6DWXUGD\           
0LQLPXP           
$YHUDJH           
0D[LPXP          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
7DEOH  VKRZV WKDW DIWHU WKH DFWLYDWLRQ RI WKH '&6 IXQFWLRQ RQ DYHUDJH WKH QXPEHU RI YHKLFOHV
WUDSSHGLQGLOHPPD]RQHZDVUHGXFHGE\DQGWKHQXPEHURI5/5VZDVUHGXFHGE\7KHWUHQG
RIPD[RXWVZDVQRWREYLRXVDWILUVWJODQFH([DPLQLQJWKHIUHTXHQFLHVRIPD[RXWVLQ7DEOHRQHFDQ
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VHHWKDW'&6VLWHVLQ,//$86	*ULIILQ5GDQG86	-RKQVRQ5GGLGQRWKDYHPDQ\PD[RXWV
GXULQJWKHEHIRUHSHULRGVRUDIWHUSHULRGV7KHVHHPLQJO\³ODUJH´SHUFHQWDJHLQFUHDVHLQPD[RXWVDWVRPH
VLWHVLVPLVOHDGLQJDQGVKRXOGEHLQWHUSUHWHGDVWKHSURGXFWRIUDQGRPHIIHFWVUDWKHUWKDQDWUHQGZLWKDQ\
VWDWLVWLFDOVLJQLILFDQFH$OVRWKHLQFUHDVHLQPD[RXWIUHTXHQF\DWLQWHUVHFWLRQRI86	3LQH%OYGKDVD
GLIIHUHQW FDXVH ,WZDV WKH ILUVW LQVWUXPHQWHG VLWH$IWHU FRPSOHWLQJ DIWHU SHULRG ILHOGGDWD FROOHFWLRQ LW
ZDVQRWLFHGWKDWWKHPD[LPXPJUHHQVHWWLQJVIRUWKLVVLWHZHUHWKHRQHVVKRZQLQ7DEOH
7DEOH0D[RXWHYHQWVORJ
3KDVH1R 0LQ*UHHQ>VHF@ 0D[>VHF@ 3DVV7LPH>VHF@
   
   
   
   
   
   
   
   

$VVKRZQLQ7DEOHWKHPD[LPXPJUHHQVIRUSKDVHDQGZHUHVHWDWVHFRQGVDQGVHFRQGV
HDFK7KHUHFRPPHQGHGPD[LPXPJUHHQVHWWLQJZDVVHFRQGVRUORQJHU7KLVLVD7LQWHUVHFWLRQDQG
WKH VLJQDO WLPLQJ RI WKLV VLWH LV GLIIHUHQW IURP FRQYHQWLRQDO SUDFWLFH 7KH ORZ YDOXHV LQ WKHPD[LPXP
JUHHQVFRQVWLWXWH WKHPRVW OLNHO\UHDVRQIRUFRQVLVWHQW LQFUHDVH LQPD[RXWVGXULQJ WKHDIWHUSHULRGWKH
V\VWHP FRXOG LGHQWLI\ VXIILFLHQW JDSVZLWKLQ VXFK D VKRUW WLPH LQWHUYDO$IWHU WKLVZDV GLVFRYHUHG WKH
PD[LPXPJUHHQVHWWLQJVRIRWKHU'&6VLWHVZHUHDOOVHWDWVHFRQGVRUORQJHUEDVHGRQWKHREVHUYHG
WUDIILF IORZDQGVSHHG$IWHU WKLVFRUUHFWLRQ WKHREVHUYHG IUHTXHQFLHVRIPD[RXWVDWRWKHUVLWHVGXULQJ
DIWHUSHULRGVDVVKRZQLQ7DEOHGHFUHDVHGIRUWKHPRVWSDUW%HORZZHZLOOHODERUDWHRQKRZWKH'
&6FDQIDLOIRUDJLYHQVHWWLQJRIWKHPD[LPXPJUHHQ
7DEOH(IIHFWRIPD[LPXPJUHHQVHWWLQJRQIUHTXHQF\RIPD[RXWHYHQWV(PSW\FHOOVLQGLFDWHWKDWIRUWKDWGD\DQGPD[DWHVW
ZDVQRWFDUULHGRXW
 6XQGD\ 0RQGD\ 7XHVGD\ :HGQHVGD\ 7KXUVGD\ )ULGD\ 6DWXUGD\
%HIRUH       
$IWHU0D[ 6HF       
$IWHU0D[ 6HF       
$IWHU0D[ 6HF       

,WLVXQGHUVWRRGWKDWHYHQWXDOO\DOOGLOHPPD]RQHSURWHFWLRQDOJRULWKPVZLOOIDLODQGUHVXOWLQPD[RXW
HYHQWV DIWHU WKH WUDIILF GHPDQG H[FHHGV FHUWDLQ WKUHVKROG GXH WR WKH LQH[LVWHQFH RI VXLWDEOH JDSV WR
WHUPLQDWHWKHJUHHQSKDVH$VWKHWUDIILFGHPDQGLQFUHDVHVVRPHGLOHPPD]RQHSURWHFWLRQDOJRULWKPVZLOO
VWDUWWRIDLOZKHUHDVRWKHUVZLOOVWLOOIXQFWLRQXQGHUUHODWLYHO\KLJKWUDIILFGHPDQG
7DEOHLQGLFDWHVWKDW86	(%RUJIHOG'ULQ6DQ$QWRQLR7;KDVWKHKLJKHVWWUDIILFIORZUDWH
7KHUHVHDUFKWHDPGHFLGHGWRXVHWKLVVLWHWRH[SHULPHQWZLWKGLIIHUHQWPD[LPXPJUHHQVHWWLQJVWRVHHLI
WKLVFRXOGFDSWXUHWKHWUDIILFGHPDQGWKUHVKROGXQGHUZKLFK'&6FDQVWLOOIXQFWLRQ:LWKWKHFRQFXUUHQFH
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RI WKH7H[DV'HSDUWPHQW RI 7UDQVSRUWDWLRQ WKH UHVHDUFK WHDP WHVWHG WKLV VLWH XQGHU PD[LPXP JUHHQ
VHWWLQJV±VHFRQGVVHFRQGVDQGVHFRQGVGXULQJWKHDIWHUSHULRG7KHUHVXOWVDUHVKRZQLQ7DEOH
LQGLFDWLQJWKDWLQFUHDVLQJWKHPD[LPXPJUHHQVHWWLQJFDQUHGXFHWKHIUHTXHQF\RIPD[RXWV
,WVKRXOGEHQRWHGWKDWORRNLQJDWWKHUHGXFHGGDWDDJJUHJDWHGE\KRXUZHQRWLFHGWKDW5/5DQGPD[
RXWHYHQWVWHQGHGWRKDSSHQPRUHGXULQJWKHSHDNSHULRGV7KHSHDNKRXUWUDIILFDWWKH6DQ$QWRQLRVLWHLV
DERXW  YHKLFOHVKRXU RQ SKDVH  EHWZHHQ  DQG  DQG  YHKLFOHVKRXU RQ SKDVH 
EHWZHHQDQG
&RQFOXVLRQ
5HVXOWVVKRZWKDWRQDYHUDJHWKH'&6DOJRULWKPUHGXFHGWKHQXPEHURIYHKLFOHVWUDSSHGLQGLOHPPD
]RQHE\ DQG5/5VE\ 7KLV ODVW YDOXH LV QRW IDU DZD\ IURP WKH UHGXFWLRQ UHSRUWHGE\
=LPPHUPDQDQG%RQQHVRQ7DEOHLQWKHLUVPDOOHUVWXG\
5HVXOWVRIIUHTXHQF\RIPD[RXWVZHUHQRWREYLRXVDWILUVWORRN+RZHYHUKLJKHUWUDIILFVLWHVVXFKDV
6DQ$QWRQLRGLG VKRZFRQVLVWHQW SDWWHUQVRI UHGXFWLRQ LQPD[RXWV =LPPHUPDQDQG%RQQHVRQ 
GLGQRWUHSRUWYDOXHVUHJDUGLQJPD[RXWHYHQWVRUYHKLFOHVFDXJKWLQWKHGLOHPPD]RQH
:KHQDOORWKHU'&6SDUDPHWHUV UHPDLQFRQVWDQW LQFUHDVLQJ WKHPD[LPXPJUHHQVHWWLQJ UHVXOWHG LQ
UHGXFWLRQ RI PD[RXW HYHQWV )RU WKH 6DQ $QWRQLR VLWH ZKHUH GLIIHUHQW PD[LPXP JUHHQ VHWWLQJV ZHUH
WHVWHG WKH SHDN KRXU IORZ UDWH ZDV DERXW  YHKLFOHVKRXUODQH GXULQJ WKH PRUQLQJ SHDN DQG 
YHKLFOHVKRXUODQHGXULQJWKHDIWHUQRRQSHDN
5HIHUHQFHV
%RQQHVRQ-0LGGOHWRQ'=LPPHUPDQ.&KDUDUD+	$EEDV0,QWHOOLJHQWGHWHFWLRQFRQWUROV\VWHPIRUUXUDO
VLJQDOL]HGLQWHUVHFWLRQV5HSRUW1R)+:$7;7H[DV'HSDUWPHQWRI7UDQVSRUWDWLRQ$XVWLQ7;86$

)$56)$56(QF\FORSHGLD&UDVKHV±/RFDWLRQKWWSZZZIDUVQKWVDGRWJRY&UDVKHV&UDVKHV/RFDWLRQDVS[$FFHVVHG
2FWREHUWK

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